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Abstract 
Hg and Pb are considered as toxic metals. They cause serious environmental problem when pollute aquatic system, on the other 
hand there are many wastes from coal combustion activity especially from thermal power plant. To protect environment, 
adsorption of Hg and Pb using coal fly ash was  proposed. This work purposed to determine the capability of coal fly ash to 
remove Hg and Pb in aqueous solution. Several laboratory experiments were performed during this work. Isotherm adsorption 
was done using Hg and Pb concentration in the range of 1-100 ppm for fixed mass of coal fly ash.Characterisation of coal fly ash 
(before and after interaction with Hg and Pb) was done by FTIR to reveal the interaction of Hg and Pb-coal fly ash. The result 
showed that coal fly ash had capability to remove Hg and Pb. Characterisation of coal fly ash using FTIR revealed the mode 
ofHg and Pb bond to coal flyash.  
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1. Introduction 
Heavy metal contamination is considered as one of the important problems for environment, especially to aquatic 
system. Among heavy metals, Hg and Pb are famous for its toxicity property to aquatic organisms. 
Hg is known by the people from Minamata tragedy in Japan, many people become victims. Health problems 
raised from Hg are motoric problem and birth defects (Graeme and Pollack, 1998).   
Pb can be found from mining and industrial activities. In aquatic system Pb can be absorbed by aquatic organisms 
and cause bioaccumulation. If these contaminated organisms consumed by human, it can cause serious health 
problem such as neurological disorder and birth defects (Ahameed and Siddiqui, 2008).   
    To protect aquatic system from negative impact of heavy metals, many attempts have been done. The classical 
methods used is precipitation, this method is useful if heavy metals concentration is high. To handle low 
concentration of heavy metals, adsorption considered as the most practical method. Adsorption is a simple operation 
and relatively cheap (Kurniawan et al., 2006).  
    The most interesting part of adsorption design and operation is the choice of adsorbent. Adsorbent used must 
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have good capability to remove pollutants and affordable economically. Many works have done to select proper 
adsorbent. For heavy metal removal, the use of active carbon is common but it is costly. The alternative adsorbents 
proposed derive from waste such as chitosan. Another type of waste that can be use is coal fly ash (Ahmaruzzaman, 
2010). It can be found in a big quantity especially from thermal power plant used coal as fuel. Coal fly ash is very 
interesting because the quantity is this kind of waste is big and it needs important area of landfill. The use of fly ash 
to remove heavy metal has two advantages, to protect environment from heavy metal contamination and to reduce 
the use of coal fly ash landfill. 
    This present work is done to study Hg and Pb removal by coal fly ash. The objective is to determine the 
capability of coal fly ash to remove Hg and Pb.  
2. Materials and Methods 
2.1. Materials 
The solution of Hg and Pb prepared from dilution of Hg(NO3)2.6H2O and Pb(NO3)2 in to demineralized water to 
desired concentration. Coal fly ash used in this research is obtained from local thermal power plant in Paiton, East 
Java. Before using, coal fly ash is heated by oven at 1200C for 24 hours then it is sieved to get diameter particle of 
149-250 μm. 25 g of coal fly ash sample is added in to 100 mL of 0,1 M CH3COOH, after stirring for one hour and 
stabilized for 16 hours, the solution containing coal fly ash is filtered by Buchner filter. Coal fly ash obtained is 
heated by oven at 1200C for 24 hours and it is ready to use. 
2.2. Adsorbent characterization 
Two important characterizations are carried out, characterization by XRD and FTIR method.  XRD analyzer  is 
used to determine composition of crystal in the sample of coal fly ash. FTIR analyzer is used to analyze the 
chemical property of  coal fly ash (before and after interaction with Hg and Pb). 
2.3. Preliminary removal study 
250 mL solution of Pb or Hg with the concentration of 100 mg/L is placed in an Erlenmeyer flask. The solution 
then added by 20 g of coal fly ash and stirred for 5 hours. After stirring the solution is stabilized then it is filtered. 
The solution filtered is analyzed by AAS to determine the concentration of Hg and Pb. The sample of coal fly ash 
loaded by Hg or Pb is heated by oven at 1200C for 12 hours then it is analyzed by FTIR method. The heavy metal 
removal is determined by: 
 
R = [(C0-Ce)/C0] x 100% (1) 
 
Co, Ce is initial heavy metal concentration and equilibrium heavy metal concentration respectively, 
2.4. Isotherm adsorption 
100 mL solutions of Hg or Pb with the concentration varied in the range of 1-100 mg/L are placed in 6 bottles. 
Each solution of Hg or Pb is added by 15 g of coal fly ash. The solutions are shaken overnight. After shaking, the 
solutions are filtered and analyzed by AAS to determine the concentration of Hg or Pb. The quantity of heavy metal 
adsorbed is determined by: 
 
q = [(C0-Ce)/m] x V (2) 
 
q, m, V is quantity of heavy metal absorbed, mass of adsorbent, volume of heavy metal solution respectively. 
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3. Results and Discussion 
3.1. XRD analysis 
Figure 1 presents XRD pattern analysis of coal fly ash used in this work. The composition of coal fly ash 
dominated (96%) by silicon oxide (SiO2). The presence of calcium titanium oxide (CaTiO3) and sodium nitrate 
hydrate (Na2N2O3H2O) are observed. The composition of calcium titanium oxide and sodium nitrate hydrate is about 
4%. The peak found at 2Ɵ = 26,63 is attributed to silicon oxide. The peak found at 2Ɵ = 33,31 and 2Ɵ = 30,21 are 
attributed to calcium titanium oxide and sodium nitrate hydrate respectively. The composition of coal fly ash is 
unique, it depends on the type of coal, source location of coal, and treatment applied to fly ash (Hsu et al., 2008; 
Stellaci et al., 2009; Nascimento et al., 2009; Al-Zboon et al., 2011). 
 
Figure 1. XRD pattern analysis of coal fly ash 
3.2. Preliminary removal study  
Coal fly ash used has capability to remove Hg and Pb. Figure presents the removal of Hg and Pb by coal fly ash. 
The removal of Pb is higher than Hg. The removal of Pb is 34% while the removal of Hg is 17%. These removal 
heavy metal values are still under 50%, it might be explained that it needs more than 5 hours of contact time to 
obtain better heavy metal removal. To reach equilibrium concentration, two factors must be considered: nature of 
coal fly ash and heavy metal (Hequet et al., 2001). Coal fly ash, in the preliminary removal study, shows better 
reactivity to Pb than to Hg. 
 
 
Figure 2. Removal of Hg and Pb by coal fly ash 
380   Eko Prasetyo Kuncoro and Mochamad Zakki Fahmi /  Procedia Earth and Planetary Science  6 ( 2013 )  377 – 382 
3.3. Isotherm adsorption  
Isotherm adsorption is experiment to quantify heavy metal that adsorbed by coal fly ash. The results in this work 
are presented in figure 3 and 4. X axe presents equilibrium concentration of heavy metal while Y axe presents 
amount of heavy metal adsorbed by adsorbent. The maximum amount of Hg adsorbed by coal fly ash is higher than 
the case of Pb. For Hg the maximum amount of Hg adsorbed is 0,4 mg/g and for the case of Pb, it reaches 0,36 
mg/g. In isotherm adsorption, the  Hg and Pb removal are high. For the case of initial metal concentration of 100 
ppm, the equilibrium metal concentration reaches a value under 50 ppm. It can by explained by the longer contact 
time of adsorbate and adsorbent that has duration more than 5 hours. Longer contact time facilitate the mass transfer 
of adsorbate to adsorbent. 
 
 
Figure 3. Isotherm adsorption of Hg by coal fly ash 
 
 
 
Figure 4. Isotherm adsorption of Pb by coal fly ash 
3.4. FTIR Spectral Analysis 
FTIR spectral analysis is useful to determine the functional groups that present in the coal fly ash. The change in 
intensity or shift in peak position gives information about interaction adsorbate and adsorbent. Figure 5 presents 
FTIR spectral analysis of coal fly ash, coal fly ash loaded by Hg, and coal fly ash loaded by Pb. It can be observed 
that there are changes in intensity spectral and shifts of peak position. The treatment of coal fly ash by CH3COOH 
provides –OH in the surface of coal fly ash, in this case there is formation of Si-O-H. The broad band in range of 
381 Eko Prasetyo Kuncoro and Mochamad Zakki Fahmi /  Procedia Earth and Planetary Science  6 ( 2013 )  377 – 382 
4000 3600 3200 2800 2400 2000 1600 1200 800 400
0
2
4
6
8
10
12
14
16
Tr
an
sm
itt
an
ce
 (%
)
Wave number (/cm)
4000 3600 3200 2800 2400 2000 1600 1200 800 400
0
1
2
3
4
5
6
Tr
an
sm
itt
an
ce
 (%
)
Wave number (/cm)
3400-2400 cm-1 represents –OH. After contacting with Hg and Pb, there is a change in intensity of spectral, the 
transmittance intensity is lower. There are shifts of peak at 3455 cm-1 to 3424 cm-1 (after interaction of fly ash with 
Hg) and to 3426 cm-1 (after interaction of fly ash with Pb). This phenomenon might be attributed to the formation of 
Si-O-Hg and Si-O-Pb. Many researchers reported the similar phenomenon of intensity change and shift of peak 
position while the adsorbents adsorb heavy metal (Jayaram and Prasad, 2009; Kamal et al., 2010). 
 
 
 
    
 
 
 
 
 
 
 
 
 
 
Figure 5. FTIR spectral analysis of coal fly ash (a) before adsorption (b) after Hg adsorption (c) after Pb adsorption 
4. Conclusion 
Coal fly ash has capability to remove Hg and Pb. The removal of Hg or Pb is good while the contact time 
between adsorbate and adsorbent is more than 5 hours. FTIR spectral analysis revealed the change in intensity and 
shift of peak position, this phenomenon has contribution to mode of Hg and Pb adsorption on to coal fly ash. 
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